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++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

e PUSCH in

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+

{} bor S8, 28, the TRS index { feme } for the mmgmﬂ block int
&:ha., serving ool 1 dstammsaeﬁ as follows (1001 to 1Ry

- i@iﬂ} ihe hxgher faysr parameder erahle2S804AS s configured for the am‘vmh
mﬁ and if the PUSCH is schaduled %}}f a PICCHEPDOCH with the fisst DCY
format with CRO scramblad ?::}e CLRNTE and i the indtiad PUSCH for the same

transport block s not scheduled by the random access ragponse gran,

« (1082} the THS index {f% } for the PURCH s given by ustng {1, sod the

...... ‘-

table tndicated by ¥ gure 7.

...... figurnd Gy the Sﬁﬁ“ﬁ‘ﬂg
-wﬂ ﬁmi if mw E“E‘“SLH A whm"s‘uim:i b}* & i‘*m*{‘i‘if‘?ﬁﬂ COH with the fest BCE

format with CRC seoambled by C-RNTI and if the indtial PUSCH for the same
transport block is scheduled by fhe random access reeponse grant; of

- {1884) If dhe Mgher laver pammeter enablel 6044 s configured fiy the serving
cell, sud if the PUSCH is scheduled by a PDCCHEPDOCH with the second DCY
format with CRO sormblod Eﬁe “RNTE 137

- {1503} If the higher layor parameier enable 236044 18 configured Ry the ssrving
wii s if the PUSCH is scheduded by a BDCCHER ‘i{‘*{““H wﬁh frst o m@mﬁ
i‘ﬁ %t fﬂmm wﬁh CR{ mm%}im %::}r RNTY ofher than C-RN
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(1100) Foras < 4y < 31, the TBE index { £} for the transport block in the PUSCH in

the serving vell i determined ax follows (1111 to 1104}

= (1301} I thaee b PROCEVEPDUCH with fust or serond DICT fovwat for the same
the PO transported in the latest PRCCHAEPDCCH with Srst or second DY
format for the same ranaport blook using 0, S 28, socordeng 1o (1883} ar
(1808} in Pigure 10,

- {1182} Else i there fs io PRCCHERDCCH with first or seonnd DI format for

the ssne toanspert black using 897G, <38,

- {163 the TBS index { 1, ) shall he detormined from the most recent semmi-
persistent schednling assigrment PDOCH/EPDUCH scconding to (1068) in
Figure 10, when the initial PUSCH for the sante trsnsport block is seri-
porsistently schadwlad, or

< (1184) the THS index { £, ) shall be determined From the random seoess

responss grant for the same trmsport block sevording 1o (1008) in Figurs 1,
whon the PUSCH 1s butiniad by the random acvess responag grant.

LI L N
ttttttttttttttttttt
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 4+

{iiﬁﬁ} Foy ¢x¢ wes SR, the mmiuﬁ;msm order {Q ‘B im* the PUSCH in the serving cellis
! determined as follows (130 & 131 ,

&ii., mx{i 35 ﬁiiﬁ'l ?bﬁf"ﬂ is ﬁ@i‘iﬁﬁ «:& i&}* % FW{‘H f"ﬁE“M“H wﬁh ﬁxe ﬁm ﬁ{fi
i@miai with E"R{ > mﬁmhiﬂﬁ i}} £ “»RN‘&E &mﬁ if ﬂ:w initial PU ‘%{i"fi fm‘ the xame

Fﬁgum ‘}'

. {iﬁﬁ%}?f ﬁwz hmimr hs}:ﬁr g}mrm‘i&f m&fﬁﬁﬁé@dﬁf . wmﬁﬁmﬁ‘ﬁi iﬂ}rﬁmwmgg
.f”- & E
f' wﬁ}a C’Rﬂ? Wmmm 'ﬁ}}" i,,wﬁN‘i E ami ti ﬁ%ﬂ mﬁw} ?U%{‘H fm ‘ii‘sﬁ- same

ﬁ::
{ranspoat hiock 'm*w}i{f{iﬁﬁﬁﬂéh’}é’?'ﬁiﬁ; fmﬁﬁmmﬁmmﬁﬁﬁm Wﬁ% 3

- {mﬁ?i’f the hzghmammmw gmﬁﬁeﬁm@m immfimm :h:%s‘* m&mm%

PBC -"Hf’é* PROCCH mm ﬁmﬁ aF ﬁmmﬁ
H{f‘i iﬁmt%ﬁiﬁ u{{fﬁm%imh& RN ii nthey than C-RNTI {for exanple SPR
C-RNTLox mmsmw : ﬂﬁmff or

m*srmg @Eﬁ &ﬂd ﬂ:&ﬂ highm ﬁ&ym mmiﬂx eﬁaﬁz’fﬁrﬁﬁ&ﬁ I8 L@nﬁgm fﬁi‘ iﬁw

&ams*:sg_m&
{1208) the modalation ordee {3, Y is given by @, in the teble indicsted by
Figumm 8.

- {1209) i the higher
panfigured for iﬁ#i“ &mmg Gﬁii

(1218) g, is frst resd from fhe table indics

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

| (1308) Foraw s £, <31, the moduletion onder {, } for the PUSTH in the serving ooll

- {3381} If there is PROCHEPDOCH with DOT format 344 for the sams toansport

block umﬁg B8 fgee % % 38, the medulation cnder { @, ) shall be determined from the
_; '.:_ff -_-:*i‘ mﬁﬁﬁ{}ﬁﬁﬁ i ﬂ‘m iﬁﬁﬁﬂi ?E}{"{ HEPDOCH with ﬁm*‘ oF %mﬁﬁ ﬁ{i ﬁ}ﬂnm
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- (B For fyey =

- {M3) For fyeg = 30, the redunduncy varsion (rvand 18 727,

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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TERMINAL DEVICE, BASE STATION
DEVICE, COMMUNICATION METHOD, AND
INTEGRATED CIRCUIT

This application claims priority based on Japanese Patent
Application No. 2015-212700 filed on Oct. 29, 2013, the
contents of which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a terminal device, a base
station device, a communication method, and an integrated
circuit.

BACKGROUND ART

In the 3rd Generation Partnership Project (3GPP), a radio
access method and a radio network for cellular mobile
communications (hereinafter, referred to as “Long Term
Evolution (LTE)”, or “Evolved Universal Terrestrial Radio
Access (EUTRA)”) have been studied. In LTE, a base
station device 1s also referred to as an evolved NodeB
(eNodeB), and a terminal device 1s also referred to as User
Equipment (UE). LTE 1s a cellular communication system 1n
which an area 1s divided 1into multiple cells to form a cellular
pattern, each of the cells being served by a base station
device. A single base station device may manage multiple
cells.

For an LITE Physical Downlink Shared CHannel
(PDSCH), Quadrature Phase Shift Keying (QPSK), 16
Quadrature Amplitude Modulation (QAM), 64 QAM, and
256 QAM can be used. For an L'TE Physical Uplink Shared
CHannel (PUSCH), QPSK, 16 QAM, and 64 QAM can be
used. In the 3GPP, introducing 256 QAM to the Physical
Uplink Shared CHannel (PUSCH) has been studied 1n order
to increase uplink data rate (NPL 1).

CITATION LIST
Non-Patent Literature

NPL 1: “Motivation for Work Item on UL 256 QAM for
LTE”, RP-151287, Ericsson, 3GPP TSG RAN Meeting #68,
Phoenix, USA, 14-16 Sep. 2015.

NPL 2: “3GPP TS 36.211 V12.7.0 (2015-09)”, 25 Sep.
2015.

NPL 3: “3GPP TS 36.212 V12.6.0 (2015-09)”, 25 Sep.
2015.

NPL 4: “3GPP TS 36.213 V12.7.0 (2015-03)”, 25 Sep.
2015.

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

The present mvention has been made in light of the
foregoing, and an object of the present mvention 1s to
provide a terminal device capable of communicating with a
base station device efliciently using an uplink channel, a
base station device that communicates with the terminal
device, a communication method used by the terminal
device, a communication method used by the base station
device, an integrated circuit mounted on the terminal device,
and an 1ntegrated circuit mounted on the base station device.

Means for Solving the Problems

(1) According to some aspects of the present mvention.
the following measures are provided. Specifically, a first
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2

aspect of the present invention 1s a terminal device 1nclud-
ing: a reception unit configured to receive a control channel
including first control information; and a transmission unit
configured to transmit a transport block or a first shared
channel upon detection of the control channel including the
first control information. For the first control information
along with a CRC parity bit scrambled by a first identifier,
a size of the transport block 1s given using a first information
field included in the first control information along with the
CRC parity bit scrambled by the first 1identifier, based on
whether a second shared channel for initial transmission of
a transport block identical to the transport block correspond-
ing to the first control information 1s scheduled by a random
access response grant.

(2) A second aspect of the present mvention 1s a base
station device including: a transmission unit configured to
transmit a control channel including first control informa-
tion; and a reception unit configured to receive a transport
block on a first shared channel based on transmission of the
control channel including the first control imnformation. For
the first control mmformation along with a CRC parity bit
scrambled by a first 1dentifier, a size of the transport block
1s given using a first information field included 1n the first
control information along with the CRC parity bit scrambled
by the first i1dentifier, based on whether a second shared
channel for 1initial transmission of a transport block i1dentical
to the transport block corresponding to the first control
information 1s scheduled by a random access response grant.

(3) A third aspect of the present invention 1s a commu-
nication method to be used by a terminal device, the
communication method including: receiving a control chan-
nel ncluding first control information; and transmitting a
transport block on a first shared channel upon detection of
the control channel including the first control information.
For the first control information along with a CRC parity bit
scrambled by a first 1dentifier, a size of the transport block
1s given using a first information field included 1n the first
control information along with the CRC parity bit scrambled
by the first i1dentifier, based on whether a second shared
channel for 1initial transmission of a transport block i1dentical
to the transport block corresponding to the first control
information 1s scheduled by a random access response grant.

(4) A fourth aspect of the present invention 1s a commu-
nication method to be used by a base station device, the
communication method including: transmitting a control
channel including first control information; and receiving a
transport block 1n a first shared channel based on transmis-
sion of the control channel including the first control infor-
mation. For the first control information along with a CRC
parity bit scrambled by a first identifier, a size of the
transport block 1s given using a first mformation field
included in the first control information along with the CRC
parity bit scrambled by the first identifier, based on whether
a second shared channel for initial transmission of a trans-
port block 1dentical to the transport block corresponding to
the first control information 1s scheduled by a random access
response grant.

(5) A fifth aspect of the present invention 1s an integrated
circuit to be implemented 1n a terminal device, the integrated
circuit including: a reception circuit configured to receive a
control channel including first control information; and a
transmission circuit configured to transmit a transport block
on a first shared channel upon detection of the control
channel including the first control information. For the first
control information along with a CRC parity bit scrambled
by a first identifier, a size of the transport block 1s given
using a first information field included 1n the first control




US 11,044,638 B2

3

information along with the CRC parity bit scrambled by the
first identifier, based on whether a second shared channel for
initial transmission of a transport block identical to the
transport block corresponding to the first control information
1s scheduled by a random access response grant.

(6) A sixth aspect of the present invention 1s an integrated
circuit to be 1mplemented in a base station device, the
integrated circuit including: a transmission circuit config-
ured to transmit a control channel including first control
information; and a reception circuit configured to receive a
transport block 1n a first shared channel based on transmis-
sion of the control channel including the first control infor-
mation. For the first control information along with a CRC
parity bit scrambled by a first identifier, a size of the
transport block 1s given using a first information field
included 1n the first control information along with the CRC
parity bit scrambled by the first identifier, based on whether
a second shared channel for initial transmission of a trans-
port block identical to the transport block corresponding to
the first control information 1s scheduled by a random access
response grant.

Eftects of the Invention

According to the present invention, a terminal device and
a base station device are capable of communicating with
cach other efliciently using an uplink channel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a conceptual diagram of a radio communication
system according to the present embodiment.

FIG. 2 1s a diagram 1llustrating a schematic configuration
ol a radio frame according to the present embodiment.

FIG. 3 1s a diagram 1llustrating a schematic configuration
of an uplink slot according to the present embodiment.

FIG. 4 1s a diagram 1llustrating one example of a constel-
lation of 16 QAM symbols according to the present embodi-
ment.

FIG. 5 1s a diagram 1illustrating one example of informa-
tion included in an uplink grant according to the present
embodiment.

FIG. 6 1s a diagram 1llustrating one example of a method
of acquiring scheduling information for a PUSCH according
to the present embodiment.

FI1G. 7 1s a diagram 1llustrating a correspondence table of
an MCS 1ndex (I,,-.), (Q' ), a transport block size index
(I5<), and a redundancy version (rv, ) according to the
present embodiment.

FIG. 8 1s a diagram 1llustrating a correspondence table of
the MSC index (I1,,~<), (Q' ), the transport block size index
(I,5<), and the redundancy version (rv, , ) according to the
present embodiment.

FIG. 9 15 a diagram 1illustrating the correspondence of the
total number of allocated physical resource blocks (N, ),
the transport block size index (I5<), and a transport block
s1ze according to the present embodiment.

FI1G. 10 1s a diagram 1llustrating a pseudo-code (1000) for
determining the transport block size index (I,,.) for a
transport block 1n the PUSCH with respect to the MCS index
(I,,~c) 0f O to 28 according to the present embodiment.

FI1G. 11 1s a diagram 1llustrating a pseudo-code (1100) for

determining the transport block size (I1.,5<) for the transport
block 1 the PUSCH with respect to the MCS index (1, ,-)
of 29 to 31 according to the present embodiment.
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FIG. 12 1s a diagram 1llustrating a pseudo-code (1200) for
determining a modulation order (Q, ) for the PUSCH with

respect to the MCS mdex (1,,-~.) of O to 28 according to the
present embodiment.

FIG. 13 1s a diagram illustrating a pseudo-code (1300) for
determining the modulation order (Q_ ) for the PUSCH with
respect to the MCS 1ndex (1, ,.-.) of 29 to 31 according to the
present embodiment.

FIG. 14 1s a diagram illustrating a pseudo-code (1400) for
determining the redundancy version (rv, , ) for the PUSCH
according to the present embodiment.

FIG. 15 1s a schematic block diagram illustrating a
configuration of a terminal device 1 according to the present
embodiment.

FIG. 16 1s a schematic block diagram illustrating a
configuration of a base station device 3 according to the
present embodiment.

MODE FOR CARRYING OUT THE INVENTION

Embodiments of the present invention will be described
below.

FIG. 1 1s a conceptual diagram of a radio communication
system according to the present embodiment. In FIG. 1, the
radio communication system includes terminal devices 1A
to 1C and a base station device 3. Each of or whole of the
terminal devices 1A to 1C are referred to as a terminal
device 1 below.

Carrier aggregation will be described below.

In the present embodiment, multiple serving cells are
configured for the terminal device 1. A technology in which
the terminal device 1 communicates via the multiple serving
cells 1s referred to as cell aggregation or carrier aggregation.
The present invention may be applied to each of the multiple
serving cells configured for the terminal device 1. Further-
more, the present invention may be applied to some of the
configured multiple serving cells. Furthermore, the present
invention may be applied to each of groups of the configured
multiple serving cells. Furthermore, the present ivention
may be applied to some of the groups of the configured
multiple serving cells. In carrier aggregation, multiple serv-
ing cells thus configured are also referred to as aggregated
serving cells.

Time Division Duplex (TDD) and/or Frequency Division
Duplex (FDD) 1s applied to a radio communication system
according to the present embodiment. In a case of cell
aggregation, TDD may be applied to all of the multiple
serving cells. Furthermore, 1n the case of cell aggregation,
serving cells to which TDD 1s applied and serving cells to
which FDD 1s applied may be aggregated. According to the
present embodiment, a serving cell to which TDD 1s applied
1s also referred to as a TDD serving cell.

The configured multiple serving cells include one primary
cell and one or multiple secondary cells. The primary cell 1s
a serving cell in which an initial connection establishment
procedure has been performed, a serving cell in which a
connection reestablishment procedure has been started, or a
cell indicated as a primary cell during a handover procedure.
At the point of time when a Radio Resource Control (RRC)
connection 1s established, or later, the secondary cell(s) may
be configured.

A carrier corresponding to a serving cell in the downlink
1s referred to as a downlink component carrier. A carrier
corresponding to a serving cell 1n the uplink 1s referred to as
an uplink component carrier. The downlink component
carrier and the uplink component carrier are collectively
referred to as a component carrier.
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The terminal device 1 can perform simultaneous trans-
mission of multiple physical channels/multiple physical
signals 1n multiple aggregated serving cells (component
careers). The terminal device 1 can perform simultaneous
reception of multiple physical channels/multiple physical
signals 1n multiple aggregated serving cells (component
careers).

FIG. 2 1s a diagram 1llustrating a schematic configuration
of a radio frame according to the present embodiment. In
FI1G. 2, the horizontal axis 1s a time axis.

Various field sizes 1n the time domain are expressed by the
number time units T, which 1s T =1/(15000-2048) seconds.

A length T,of the radio frame i1s T =307200-T =10 ms. Each
radio frame includes 10 subframes consecutive in the time
domamn. A length T_,... of each subframe 1s
Lo prame—30720°T =1 ms. Hach subframe 1 mcludes two
slots consecutive 1n the time domain. The two slots con-
secutive 1n the time domain are a slot of which a slot number
n_ within the radio frame 1s 21 and a slot of which the slot

number n, within the radio frame 1s 21+1. A length T, , of
each slot 1s T _, =153600-n.=0.5 ms. Each radio frame
includes 10 subirames consecutive 1n the time domain. Each
radio frame includes 20 slots (where n =0, 1, , 19)
consecutive in the time domain.

A configuration of the slot according to the present
embodiment will be described below. FIG. 3 1s a diagram
illustrating a schematic configuration of an uplink slot
according to the present embodiment. In FIG. 3, the con-
figuration of the uplink slot i one cell 1s 1llustrated. In FIG.
3, the horizontal axis 1s a time axis, and the vertical axis 1s
a frequency axis. In FIG. 3, 1 1s a Single Carner-Frequency
Division Multiple Access (SC-FDMA) symbol number/
index, and k 1s a subcarrier number/index.

The physical signal or the physical channel transmitted in
cach of the slots 1s expressed by a resource grid. In uplink,
the resource grid 1s defined by multiple subcarriers and
multiple SC-FDMA symbols. Fach element within the
resource grid 1s referred to as a resource element. A resource
clement 1s expressed by the subcarrier number/index k and
the SC-FDMA symbol number/index 1.

The resource grid 1s defined for each antenna port. In the
present embodiment, description will be given for one
antenna port. The present embodiment may be applied to
cach of multiple antenna ports.

The uplink slot includes multiple SC-FDMA symbols 1
(where 1=0, 1, . . ., NULsymb) in the time domain. NULsymb
indicates the number of SC-FDMA symbols included 1n one
uplink slot. For a normal Cyclic Prefix (CP), NULsymb 1s 7.
For an extended Cyclic Prefix (CP), N**_ is 6.

The uplink slot includes multiple subcarniers k (where
k=0, 1, ..., NY . .xN*?_)in the frequency domain. N“*“ .
1s an uplink bandwidth configuration for the serving cell,
expressed by a multiple of N**_. N*?__is a (physical)
resource block size 1n the frequency domain, expressed by
the number of subcarriers. According to the present embodi-
ment, a subcarrier interval Af is 15 kHz, and N*°__is 12
subcarriers. Specifically, according to the present embodi-
ment, N*?__is 180 kHz.

A resource block 1s used to express mapping of a physical
channel to a resource element. For the resource block, a
virtual resource block and a physical resource block are
defined. The physical channel 1s first mapped to the virtual
resource block. Thereafter, the wvirtual resource block 1is
mapped to the physical resource block. One physical
resource block 1s defined by NULS _» SC-FDMA symbols
consecutive in the time domain and by N®?__ subcarriers

consecutive 1n the frequency domain. Therefore, one physi-
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cal resource block 1s constituted of (N ULsymbeRBﬁ)
resource elements. One physical resource block corresponds
to one slot in the time domain. Physical resource blocks are
numbered (0, 1, ..., N“*,.—1) in order from low frequency
in the frequency domain.

A downlink slot according to the present embodiment
includes multiple OFDM symbols. The configuration of the
downlink slot according to the present embodiment 1s the
same, except that the resource grid 1s defined by multiple
subcarriers and multiple OFDM symbols. Therefore, a
description of the configuration of the downlink slot will be
omitted.

The physical channels and physical signals according to
the present embodiment will be described.

In FIG. 1, mn uplink radio communication from the
terminal device 1 to the base station device 3, the following
uplink physical channels are used. The uplink physical
channels are used by the physical layer to transmit infor-

mation output from a higher layer.

Physical Uplink Control CHannel (PUCCH)
Physical Uplink Shared CHannel (PUSCH)
Physical Random Access CHannel (PRACH)

The PUCCH 1s used to transmit Uplink Control Informa-
tion (UCI). The uplink control information includes: down-
link Channel State Information (CSI); a Scheduling Request
(SR) used for requesting a PUSCH (UpLink Shared CHan-
nel (UL-SCH)) resource for immitial transmission and a
Hybrid Automatic Repeat reQuest ACKnowledgement
(HARQ-ACK) for downlink data (a Transport block, a
Medium Access Control Protocol Data Unit (MAC PDU), a
Downlink-Shared CHannel (DL-SCH), or a Physical
Downlink Shared CHannel (PDSCH)). The HARQ-ACK
indicates an ACKnowledgement (ACK) or a Negative-
ACKnowledgement (NACK).

The PUSCH 1s used to transmit uplink data (Uplink-
Shared CHannel (UL-SCH)). The PUSCH 1s used to trans-
mit a random access message 3. Furthermore, the PUSCH
may be used to transmit the HARQ-ACK and/or channel
state information with the uplink data not including the
random access message 3. Furthermore, the PUSCH may be
used to transmit only the channel state information or to
transmit only the HARQ-ACK and the channel state infor-
mation.

One of Quadrature Phase Shift Keying (QPSK), 16
Quadrature Amplitude Modulation (QAM), 64 QAM, and
256 QAM 1s applied to the PUSCH. The QPSK 1s a
modulation scheme that transmits data by changing or
adjusting the phase of a carrnier wave. The QAM 1s a
modulation scheme that transmits data by changing or
adjusting the amplitude and the phase of an 1n-phase carrier
wave and a quadrature carrier wave.

The modulation order of QPSK 1s 2. The modulation
order of 16 QAM 1s 4. The modulation order of 64 QAM 1s
6. The modulation order of 256 QAM i1s 8. A modulation
order 1s the number of bits transmitted by one modulation
symbol. FIG. 4 1s a diagram 1llustrating one example of a
constellation of 16 QAM symbols according to the present
embodiment. In FIG. 4, a circle denoted by reference sign
400 1s a signal point corresponding to 4 bits with a value of
‘0001°.

In the present embodiment, a symbol with a modulation
order of 2 indicates a (QPSK symbol, a symbol with a
modulation order of 4 indicates 16 QAM, a symbol with a
modulation order of 6 indicates a 64 QAM symbol, and a
symbol with a modulation order of 8 indicates a 256 QAM
symbol.
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Specifically, 1n a case that the modulation order for the
PUSCH 1s 2, QPSK 1s applied to the PUSCH. In a case that
the modulation order for the PUSCH 1s 4, 16 QAM 1s
applied to the PUSCH. In a case that the modulation order
for the PUSCH 1s 6, 64 QAM 1s applied to the PUSCH. In
a case that the modulation order for the PUSCH 1s 8, 256
QAM 1s applied to the PUSCH.

The PRACH 1s used to transmit a random access pre-
amble (a random access message 1). The PRACH 1s used for
the 1nitial connection establishment procedure, the handover
procedure, the connection re-establishment procedure, syn-
chronization (timing adjustment) for uplink transmission,
and the request for the PUSCH (UL-SCH) resource.

In FIG. 1, the following uplink physical signal 1s used in
the uplink radio communication. The uplink physical signal
1s not used to transmit information output from a higher
layer, but 1s used by the physical layer.

Uplink Reference Signal (UL RS)

According to the present embodiment, the following two
types of uplink reference signals are used.

Demodulation Reference Signal (DMRS)

Sounding Reference Signal (SRS)

The DMRS 1s associated with transmission of the PUSCH
or the PUCCH. The DMRS 1s time-multiplexed with the
PUSCH or the PUCCH. The base station device 3 uses the
DMRS 1n order to perform channel compensation of the
PUSCH or the PUCCH. Transmission of both the PUSCH
and the DMRS 1s hereinafter referred to simply as transmis-
sion of the PUSCH. Transmission of both the PUCCH and
the DMRS 1s hereinafter referred to simply as transmission
of the PUCCH.

The SRS

has no association with the transmission or the
PUSCH or the PUCCH. The base station device 3 may use
the SRS for measurement of a channel state. The SRS 1s
transmitted in the last SC-FDMA symbol 1n the uplink
subirame or 1n the SC-FDMA symbol 1n UpPTS.

In FIG. 1, the following downlink physical channels are
used for downlink radio communication from the base
station device 3 to the terminal device 1. The downlink
physical channel i1s used by the physical layer to transmit

information output from a higher layer.
Physical Broadcast CHannel (PBCH)

Physical Control Format Indicator CHannel (PCFICH)

Physical Hybrid automatic repeat request Indicator CHan-
nel (PHICH)

Physical Downlink Control CHannel (PDCCH)

Enhanced Physical Downlink Control

(EPDCCH)

Physical Downlink Shared CHannel (PDSCH)

Physical Multicast CHannel (PMCH)

The PBCH 1s used to broadcast a Master Information
Block (MIB) or a Broadcast CHannel (BCH), which 1s
shared by the terminal devices 1.

The PCFICH 1s used to transmit information indicating a

region (OFDM symbols) to be used for transmission of the
PDCCH.

The PHICH 1s used to transmit a HARQ indicator (HARQ
teedback or response information) indicating an ACKnowl-
edgement (ACK) or a Negative ACKnowledgement
(NACK) with respect to the uplink data (Uplink Shared
CHannel (UL-SCH)) recerved by the base station device 3.

The PDCCH and the EPDCCH are used to transmit
Downlink Control Information (DCI). The downlink control
information 1s also referred to as a DCI format. The down-
link control information includes a downlink grant and an
uplink grant. The downlink grant 1s also referred to as
downlink assignment or downlink allocation.

CHannel
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A single downlink grant 1s used for scheduling of a single
PDSCH within a single cell. The downlink grant 1s used for
scheduling of the PDSCH within the same subirame as the
subirame 1n which the downlink grant 1s transmitted.

A single uplink grain 1s used for scheduling of a single
PUSCH within a single serving cell. The uplink grant 1s used
for scheduling of the PUSCH within the fourth or later
subirame from the subirame in which the uplink grant 1s
transmuitted.

The uplink grant transmitted 1t the PDCCH 1includes a
DCI format 0. The transmission scheme of the PUSCH
corresponding to the DCI format O 1s single antenna port.
The terminal device 1 uses the single antenna port trans-
mission scheme for transmitting PUSCH corresponding to
the DCI format 0. The PUSCH, to which the single antenna
port transmission scheme 1s applied, 1s used in transmission
of a single codeword (single transport block).

The uplink grant transmitted 1n the PDCCH includes a
DCI format 4. The transmission scheme of the PUSCH
corresponding to the DCI format 4 1s closed loop spatial
multiplexing. The terminal device 1 uses the closed loop
spatial multiplexing transmission scheme for PUSCH trans-
mission corresponding to the DCI format 4. The PUSCH to
which the closed loop spatial multiplexing transmission
scheme 1s applied 1s used in transmission of up to two
codewords (up to two transport blocks).

CRC panty hits added to the downlink grant or the uplink
grant are scrambled by a Cell-Radio Network Temporary
Identifier (C-RNTTI), a Temporary C-RNTI, or a Semi Per-
sistent Scheduling Cell-Radio Network Temporary Identifier
(SPS C-RNTI), The C-RNTI and the SPS C-RNTI are
identifiers for identifying a terminal device within a cell. The
Temporary C-RNTTI 1s used during a contention based ran-

dom access procedure.
The C-RNTT 1s used to control the PDSCH or the PUSCH

in a single subiframe. The SPS C-RNTI 1s used to periodi-
cally allocate a resource for the PDSCH or the PUSCH. The
Temporary C-RNTI 1s used to schedule retransmission of the
random access message 3 and transmission of a random
access message 4.

The PDSCH 1s used to transmit downlink data (Down-
Link Shared CHannel (DL-SCH)). The PDSCH 1s used to
transmit a random access message 2 (random access
response).

The random access response includes a random access
response grant. The random access response grant 1s an
uplink grant transmitted on the PDSCH. The terminal device
1 uses the single antenna port transmission scheme for
PUSCH transmission corresponding to the random access
response grant and the PUSCH retransmission correspond-

ing to the same transport block.

The PMCH 1s used to transmit multicast data (Multicast
CHannel (MCH)).

In FIG. 1, the following downlink physical signals are
used 1n the downlink radio communication. The downlink
physical signals are not used to transmit information output
from a higher layer, but are used by the physical layer.

Synchronization Signal (SS)

DownLink Reference Signal (DL RS)

The synchronization signal 1s used 1n order for the ter-
minal device 1 to be synchronized 1n terms of frequency and
time domains tsar downlink.

The downlink reference signal 1s used 1n order for the
terminal device 1 to perform the channel compensation of
the downlink physical channel. The downlink reference
signal 1s used in order for the terminal device 1 to calculate
the downlink channel state information.
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According to the present embodiment, the following
seven types of downlink reference signals are used.

Cell-specific Reference Signal (CRS)

UE-specific Reference Signal (URS) associated with the

PDSCH

Demodulation Reference Signal (DMRS) associated with

the EPDCCH

Non-Zero Power Chanel

Signal (NZP CSI-RS)

Zero Power Chanel State Information-Reference Signal

(ZP CSI-RS)
Multimedia Broadcast and Multicast Service over Single
Frequency Network Reference signal (MBSFN RS)

Positioning Reference Signal (PRS)

The downlink physical channels and the downlink physi-
cal signals are collectively referred to as a downlink signal.
The uplink physical channels and the uplink physical signals
are collectively referred to as an uplink signal. The downlink
physical channels and the uplink physical channels are
collectively referred to as a physical channel. The downlink
physical signals and the uplink physical signals are collec-
tively referred to as a physical signal.

The BCH, the MCH, the UL-SCH, and the DL-SCH are
transport channels. A channel used in the Medium Access
Control (MAC) layer 1s referred to as a transport channel.
The unit of the transport channel used 1n the MAC layer 1s
referred to as a Transport Block (TB) or a MAC Protocol
Data Unit (PDU). Control of a Hybrid Automatic Repeat
reQuest (HARQ) 1s performed for each transport block in
the MAC layer. The transport block 1s a umit of data that the
MAC layer delivers to the physical layer. In the physical
layer, the transport block 1s mapped to a codeword, and
coding processing 1s performed on a codeword-by-code-
word basis.

The base station device 3 and the terminal device 1
communicate a signal in (transmit and receive a signal to and
from) a higher layer. For example, in the Radio Resource
Control (RRC) layer, the base station device 3 and the
terminal device 1 may transmit and receive RRC signaling,
(also referred to as a Radio Resource Control message (RRC
message) or Radio Resource Control information (RRC
information)). Furthermore, 1n the Medium Access Control
(MAC) layer, the base station device 3 and the terminal
device 1 may transmit and receive a MAC Control Element
(CE). Here, the RRC signaling and/or MAC CE 1s also
referred to as higher layer signaling.

The PUSCH and the PDSCH are used to transmit the RRC
signaling and the MAC CE. Here, the RRC signaling
transmitted 1n the PDSCH from the base station device 3
may be signaling common to multiple terminal devices 1
within a cell. The RRC signaling transmitted on the PDSCH
from the base station device 3 may be signaling dedicated to
a certain terminal device 1 (also referred to as dedicated
signaling or UE specific signaling). A cell specific parameter
may be transmitted using signaling common to multiple
terminal devices 1 within a cell or signaling dedicated to a
certain terminal device 1. A UE specific parameter may be
transmitted using signaling dedicated to a certain terminal
device 1.

For each HARQ process, the terminal device 1 performs
initial transmission or retransmission of the PUSCH, based
on a New Data Indicator (NDI) included in the DCI format
0 along with the CRC parity bits scrambled by the C-RNTI
and the DCI format 4 along with the CRC party bits
scrambled by the C-RNTI. The terminal device 1 performs
the mtial transmission of the PUSCH (transport block),
based on the NDI being toggled. The terminal device 1

State Information-Reference
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performs the retransmission of the PUSCH (transport
block), based on the NDI not being toggled.

The terminal device 1 stores the received value of NDI for
cach HARQ) process. The NDI being toggled indicates that
the stored value of NDI 1s different from the received value
of NDI. The NDI not being toggled indicates that the stored
value of NDI and the received value of NDI are the same.

The random access response grant does not include the
NDI. In a case that the random access response grant has
been received, the terminal device 1 assumes that the NDI
1s toggled. Specifically, the terminal device 1 performs the
initial transmission of the PUSCH (transport block), upon
reception of the random access response grant.

In a case that the DCI format 0 along with the CRC parity
bits scrambled by the Temporayr C-RN'TI has been received,
the terminal device 1 assumes that the NDI 1s not toggled.
Specifically, the terminal device 1 performs the retransmis-
sion of the PUSCH (transport block, random access message
3), upon reception of the DCI format O along with the CRC
parity bits scrambled by the Temporayr C-RNTI.

According to the present embodiment, the random access
procedure may be performed in the primary cell and the
secondary cell(s). The PRACH may be transmitted in the
primary cell and the secondary cell(s). The terminal device
1 recerves, from the base station device 3, information (RRC
message) relating to the random access procedure in the
primary cell. The mnformation relating to the random access
procedure 1n the primary cell may include information
indicating a set of PRACH resources 1n the primary cell.

The PRACH may be transmitted 1in the secondary cell(s).
The terminal device 1 receives, from the base station device
3, information (RRC message) relating to the random access
procedure 1n the secondary cell(s). The information relating
to the random access procedure 1n the secondary cell(s) may
include information indicating a set of PRACH resources 1n
the secondary cell(s).

The random access procedure includes the contention
based random access procedure and a non-contention based
random access procedure. In the primary cell, the contention
based random access procedure and the non-contention
based random access procedure are supported. In the sec-
ondary cell(s), the non-contention based random access
procedure 1s supported. In the secondary cell(s), the non-
contention based random access procedure 1s not supported.

The retransmission of the transport block (random access
message 3) transmitted in the PUSCH corresponding to the
random access response for the non-contention based ran-
dom access procedure i1s controlled by the DCI format O
along with the CRC parity bits scrambled by the Temporary
C-RNTI.

The retransmission of the transport block transmitted on
the PUSCH corresponding to the random access response
for the contention based random access procedure 1s con-
trolled by the DCI format 0 along with the CRC parity bits
scrambled by the C-RNTI.

Specifically, the PUSCH transmission corresponding to
the DCI format O along with the CRC parity bits scrambled
by the C-RNTI 1s not PUSCH transmission corresponding to
the random access response grant in the non-contention
based random access procedure or retransmission of the
same transport.

Specifically, the PUSCH transmission corresponding to
the DCI format 0 along with the CRC parity bits scrambled
by the Temporary C-RNTI 1s retransmission of the same
transport as the transport block transmitted on the PUSCH
corresponding to the random access response grant in the
non-contention based random access procedure.
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FIG. § 1s a diagram 1llustrating one example of informa-
tion included m the uplink grant according to the present
embodiment. A DCI format 0 (500) includes at least (a) a
‘Resource block assignment and hopping resource alloca-
tion’ field, (b) a ‘Modulation and coding scheme and redun-
dancy version’ field, and (c¢) a ‘New data indicator’ field.

A DCI format 4 (502) includes at least (d) a ‘Resource
block assignment’ field, (¢) a ‘Modulation and coding
scheme and redundancy version’ field for transport block 1,
(1) a ‘New data indicator’ field for transport block 1, (g) a
‘Modulation and coding scheme and redundancy version’
field for transport block 2, and (h) a ‘New data indicator’
field for transport block 2.

The random access response grant (504) includes at least
(1) a ‘Fixed size resource block assignment” field and () a
‘“Truncated modulation and coding scheme’ field.

FIG. 6 1s a diagram 1llustrating one example of a method
of acquiring scheduling information for the PUSCH accord-
ing to the present embodiment. Here, the scheduling infor-
mation includes the total number of allocated physical
resource blocks (N,,5), a modulation order (Q_), a redun-
dancy version (1v, , ), and a transport block size. The redun-
dancy version (rv,, ) 1s used for coding (rate matching) of
the transport block transmitted on the PUSCH. The transport
block size 1s the number of bits of the transport block.

The terminal device 1 performs processing of FIG. 6 for
cach serving cell and for each PUSCH.

(600) The terminal device 1 determines an MCS 1index
(I,,~<) for the PUSCH, based on (b) the ‘Modulation and
coding scheme and redundancy version’ field, (e) the
‘Modulation and coding scheme and redundancy version’
field for transport block 1, (g) the ‘Modulation and coding
scheme and redundancy version’ field for transport block 2,
or (1) the ‘Truncated modulation and coding scheme’ field.

(602) The terminal device 1 calculates the total number of
physical resource blocks (N,.5) allocated to the PUSCH,
based on (a) the ‘Resource block assignment and hopping,
resource allocation’ field, (d) the ‘Resource block assign-
ment’ field, or (1) the ‘Fixed size resource block assignment’
field.

(604) The terminal device 1 determines the modulation
order (Q, ) for the PUSCH, a transport block size index
(I.5<) Tor the PUSCH, and the redundancy version (rv, ; ) for
the PUSCH, by referring to the MCS 1index (I,,-.) for the
PUSCH determined in 600.

(606) The terminal device 1 determines a transport block
s1ize (IBS) for the PUSCH, by referring to the total number
of physical resource blocks (N,»z) allocated to the PUSCH
calculated 1n 602 and the MCS index (I, ,-.) for the PUSCH
that has been determined in 604.

FIG. 7 and FIG. 8 are diagrams illustrating correspon-
dence tables of the MCS index (1,,-<), (Q' ), the transport
block size index (I5.), and the redundancy version (rv, )
according to the present embodiment. Depending on the
situation, the terminal device 1 and the base station device
3 use one of the correspondence table indicated by FIG. 7
and the correspondence table indicated by FIG. 8. Here, Q'
1s used to determine the modulation order (Q_).

The correspondence of the MCS index (I,,-.) and the
redundancy version (rv, . ) in the correspondence table of
FIG. 7 1s the same with the correspondence of the MCS
index (I,,-.) and the redundancy version (rv,,) in the
correspondence table of FIG. 8.

In FIG. 7, 1n a case that the value of the MCS index (1, /)
1s 0, (Q'_)1s 8, the transport block size index (I1,5¢) 1s 33, and
the redundancy version (rv, ;. ) 1s O. In FIG. 7 and FIG. 8, in
a case that the value of the MCS 1ndex (I,,-~¢) 1s 29, 30, or
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31, (Q' ) and the transport block size index (I,z.) are
reserved. The MCS indexes (I,,.-.) 01 29, 30, and 31 are used
for the retransmission of the PUSCH.

The terminal device 1 uses one of the correspondence
table of FIG. 7 and the correspondence table of FI1G. 8, based
on some or all of the following conditions.

Condition (1): Whether a higher layer parameter

enable256(QAM 1s configured for the serving cell.

Condition (2): Whether a higher layer parameter
enable64QAM 1s configured for the serving cell.

Condition (3): Type of the most recent uplink grant (such
as the DCI format 0, the DCI format 4, or the random
access response grant) used for scheduling of the same
transport block.

Condition (4): Type of an RNTI (such as the C-RNTT or
the Temporary C-RN'TI) used for the most recent uplink
grant used for scheduling of the same transport block.

Condition (5): Whether the imtial PUSCH transmission
for the same transport block has been scheduled by the
random access response grant.

Here, the base station device 3 may transmit the RRC
message  including the higher layer parameter
cnable256(QAM for the serving cell to the terminal device 1.
The terminal device 1 may configure the higher layer

parameter enable256QAM {for the serving cell, based on the
RRC message. The higher layer parameter enable256QAM

indicates that 256 QAM for the PUSCH 1s allowed.

Here, the base station device 3 may transmit the RRC
message  including the higher layer parameter
cnable64QAM for the serving cell to the terminal device 1.
The terminal device 1 may configure the higher layer
parameter enable64QAM for the serving cell, based on the
RRC message. The higher layer parameter enable64QAM
indicates that 64 QAM for the PUSCH 1s allowed.

The base station device 3 may cause the terminal device
1 to be always configured with the higher layer parameter
cnable64QAM, 1 a case that the terminal device 1 1is
configured with the higher layer parameter enable236QQAM.
In a case that the higher layer parameter enable256QAM 1s
configured, the terminal device 1 may 1gnore or release the
higher layer parameter enable64QAM.

FIG. 9 1s a diagram 1llustrating the correspondence of the
total number of allocated physical resource blocks (N, %),
the transport block size index (I,5<), and the transport block
s1ize according to the present embodiment. In FIG. 9, the
transport block size 1s 16, 1n a case that the total number of
physical resource blocks (N ) allocated to the PUSCH 1s
1 and the transport block size index (1,5) for the PUSCH 1s
0.

FIG. 10 1s a diagram illustrating a pseudo-code (1000) for
determining the transport block size index (I,5¢) for the
transport block 1n the PUSCH with respect to the MCS index
(I,,~<) of O to 28 according to the present embodiment.

The DCI format 4 may be included 1n a first DCI format.
The DCI format O may be included in one of a first DCI
format and a second DCI format.

(1001) If the higher layer parameter enable236QAM 1s
configured for the serving cell, and 11 the PUSCH 1s sched-
uled by a PDCCH/EPDCCH with the first DCI format along
with the CRC parity bits scrambled by the C-RNTT and 11 the
initial PUSCH transmission for the same transport block 1s
not scheduled by the random access response grant, (1002)
the transport block size index (I.,.) for the PUSCH 1s given
by using the MCS index (I, ,~.) and the correspondence table
indicated by FIG. 7.

In a case that the condition of (1001) 1s not satisfied,
(1008) the transport block size index (I1,5¢) for the PUSCH
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1s given by using the MCS index (1, ,-.) and the correspon-
dence table indicated by FIG. 8.

(1003) If the higher layer parameter enable2356QAM 1s
configured for the serving cell, and 1f the PUSCH 1s sched-
uled by a PDCCH/EPDCCH with the first DCI format along
with the CRC parity bits scrambled by the C-RNTT and 11 the
initial PUSCH transmission for the same transport block is
scheduled by the random access response grant, (1008) the
transport block size index (I,5.) for the PUSCH 1s given by
using the MCS idex (I,,~.) and the correspondence table
indicated by FIG. 8.

(1004) If the higher layer parameter enable256QAM 1s
configured for the serving cell, and 1f the PUSCH 1s sched-
uled by a PDCCH/EPDCCH with the second DCI format
along with the CRC parity bits scrambled by the C-RNTI,
(1008) the transport block size index (I.,5.) for the PUSCH
1s given by using the MCS 1ndex (I, ,~.) and the correspon-
dence table indicated by FIG. 8.

(1005) If the higher layer parameter enable236QAM 1s
configured for the serving cell, and if the PUSCH 1s sched-
uled by a PDCCH/EPDCCH with the first or second DCI
format along with the CRC parity bits scrambled by an
RNTT other than the C-RNTI, (1008) the transport block size
index (I.,5¢) for the PUSCH 1s given by using the MCS 1ndex
(I,,~<) and the correspondence table indicated by FIG. 8.
Here, the RNTI other than the C-RNTI may include the SPS
C-RNTI and/or the Temporary C-RNTT.

(1006) If the higher layer parameter enable256QAM 1s
configured for the serving cell, and 1f the PUSCH 1s sched-
uled by a random access response grant, (1008) the transport
block size index (I1,5<) for the PUSCH 1s given by using the

MCS index (I,,~¢) and the correspondence table indicated
by FIG. 8.

(1007) If the higher layer parameter enable2356QAM 1s
not configured for the serving cell, (1008) the transport
block size index (I1,5<) for the PUSCH 1s given by using the
MCS index (I,,~.) and the correspondence table indicated
by FIG. 8.

FI1G. 11 1s a diagram 1llustrating a pseudo-code (1100) for
determining the transport block size (I,5.) for the transport
block i the PUSCH with respect to the MCS index (I, ,-)
of 29 to 31 according to the present embodiment.

(1101) If there 1s a PDCCH/EPDCCH with the first or
second DCI format for the same transport block using the
MCS 1mndex (I,,-.) of O to 28, the TBS mdex (I,5<) 1s
determined from the downlink control information trans-
ported 1n the latest (last) PDCCH/EPDCCH with the first or
second DCI format for the same transport block using the
MCS 1ndex (I1,,-.) of O to 28, according to (1002) or (1008)
in FIG. 10. Here, the downlink control information is (b),
(e), or (g) in FIG. 3.

(1102) If there 1s no PDCCH/EPDCCH with the first or
second DCI format for the same transport block using the
MCS 1index (I,,.) of O to 28, and (1103) if the 1nitial
PUSCH transmission for the same transport block i1s semi-
persistently scheduled, the TBS index (I,5.) 15 determined
from the most recent semi-persistent scheduling assignment
PDCCH/EPDCCH according to (1008) 1n FIG. 10. Here, the
semi-persistent scheduling assignment PDCCH/EPDCCH 1s
a PDCCH/EPDCCH with the first or second DCI format
along with the CRC parnty bits scrambled by the SPS
C-RNTI.

(1102) If there 1s no PDCCH/EPDCCH with the first or
second DCI format for the same transport block using the
MCS index (I, /<) of 0 to 28, and (1104) 11 the transmission
of the PUSCH (transport block) 1s mitiated by the random
access response grant, the TBS index (I,5¢) 1s determined
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from the random access response grant for the same trans-
port block according to (1008) in FIG. 10.

FIG. 12 1s a diagram illustrating a pseudo-code (1200) for
determining the modulation order (Q, ) for the PUSCH with
respect to the MCS mdex (I,,-~-) of 0 to 28 according to the

present embodiment.
The first DCI format in FIG. 12 1s the same with the first

DCI format 1in FIG. 10. The second DCI format 1in FIG. 12
1s the same with the second DCI format 1in FIG. 10. A DCI
format 4 may be included 1n the first DCI format. A DCI
format O may be included 1n one of the first DCI format and
the second DCI format.

(1201) If the higher layer parameter enable2356QAM 1s
configured for the serving cell, and 11 the PUSCH 1s sched-
uled by a PDCCH/EPDCCH with the first DCI format along
with the CRC parity bits scrambled by the C-RNTI and if the
initial PUSCH transmission for the same transport block 1s
not scheduled by the random access response grant, (1202)
Q' 1s first read from the correspondence table indicated by
FIG. 7 based on the MCS index (I, ,~<), and the modulation
order (Q, ) for the PUSCH 1s set to Q_=Q' . Here, (1201) 1n
FIG. 12 1s the same with (1001) in FIG. 10.

In a case that the condition of (1201) 1s not satisfied, (1208
or 1210) Q' 1s first read from the correspondence table
indicated by FIG. 8 based on the MCS index (1, ,-<), and the
modulation order (Q_ ) for the PUSCH 1s set to Q_=Q' or
Q_=—min(4, Q' ). Here, min 1s a function that outputs the
smallest value out of multiple values inside brackets.

(1203) If the higher layer parameter enable236QAM 1s
configured for the serving cell, and if the PUSCH 1s sched-
uled by a PDCCH/EPDCCH with the first DCI format along
with the CRC parity bits scrambled by the C-RNTT and 11 the
initial PUSCH transmission for the same transport block 1s
scheduled by the random access response grant, (1208) Q'
1s first read from the correspondence table indicated by FIG.
8 based on the MCS index (I,,~.), and the modulation order
(Q, ) for the PUSCH 1s set to Q,=Q' . Here, (1203) in FIG.
12 1s the same with (1003) 1n FIG. 10.

(1204) If the higher layer parameter enable256QAM 1s
configured for the serving cell, and 11 the PUSCH 1s sched-
uled by a PDCCH/EPDCCH with the second DCI format
along with the CRC parity bits scrambled by the C-RNTI,
(1208) Q' 1s first read from the correspondence table
indicated by FIG. 8 based on the MCS 1ndex (I,,.-<), and the
modulation order (Q, ) for the PUSCH 1s set to Q=" .
Here, (1204) 1n FIG. 12 1s the same with (1004) in FIG. 10.

(1205) If the higher layer parameter enable256QAM 1s
configured for the serving cell, and if the PUSCH 1s sched-
uled by a PDCCH/EPDCCH with the first or second DCI
format along with the CRC parity bits scrambled by an
RNTT other than the C-RNTI, (1208) Q'  1s first read from
the correspondence table indicated by FIG. 8 based on the
MCS 1ndex (I1,,~<), and the modulation order (Q, ) for the
PUSCH 1s set to Q_=Q' . Here, the RNTI other than the
C-RNTI may include the SPS C-RNTI and/or the Temporary
C-RNTI. Here, (1205) 1n FIG. 12 1s the same with (1005) 1n
FIG. 10.

(1206) If the higher layer parameter enable236QAM 1s
configured for the serving cell, and if the PUSCH 1s sched-
uled by a random access response grant, (1208) Q' 1s first
read from the correspondence table indicated by FIG. 8
based on the MCS index (I,,-.), and the modulation order
(Q,,) for the PUSCH 1s set to Q_=Q' . Here, (1206) in FIG.
12 1s the same with (1006) 1n FIG. 10.

(1207) If the higher layer parameter enable256QAM 1s
not configured for the serving cell and the higher layer
parameter enable64QAM 1s configured for the serving cell,
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(1208) Q' 1s first read from the correspondence table

indicated by FIG. 8 based on the MCS 1ndex (I, ), and the
modulation order (Q_ ) for the PUSCH 1s set to Q_=Q' .

(1209) If the higher layer parameter enahle256QQAM and
the higher layer parameter enable64QAM are not configured
for the serving cell, (1210) Q' 1s first read from the
correspondence table indicated by FIG. 8 based on the MCS
index (I1,,-<), and the modulation order (Q, ) for the PUSCH
1s set to Q_=min(4, Q' ).

FI1G. 13 15 a diagram 1llustrating a pseudo-code (1300) for
determining the modulation order (Q_ ) for the PUSCH with
respect to the MCS index (1, ,~) of 29 to 31 according to the
present embodiment.

(1301) If there 1s a PDCCH/EPDCCH with the first or
second DCI format for the same transport block using the
MCS 1ndex (1, ,.-.) o1 O to 28, the modulation order (Q, ) for
the PUSCH 1s determined from the downlink control infor-
mation transported in the latest (last) PDCCH/EPDCCH
with the first or second DCI format for the same transport
block using the MCS index (I,,~) of 0 to 28, according to
(1202), (1208), or (1210) in FIG. 12. Here, the downlink
control information 1s (b), (e), or (g) mn FIG. §.

(1302) If there 1s no PDCCH/EPDCCH with the first or
second DCI format for the same transport block using the
MCS 1mndex (I,,-c) of O to 28, and (1303) if the initial
PUSCH transmission for the same transport block i1s semi-
persistently scheduled, the modulation order (Q_ ) for the
PUSCH 1s determined from the most recent semi-persistent
scheduling assignment PDCCH/EPDCCH according to
(1208) or (1210) in FIG. 12. Here, the semi-persistent
scheduling assignment PDCCH/EPDCCH 1s a PDCCH/
EPDCCH with the first or second DCI format along with the
CRC parity bits scrambled by the SPS C-RNTI.

(1302) If there 1s no PDCCH/EPDCCH with the first or
second DCI format for the same transport block using the
MCS 1ndex (1, ,~-) o1 0 to 28, and (1304) 11 the transmission
of the PUSCH (transport block) 1s mitiated by the random
access response grant, the modulation order (Q, ) for the
PUSCH 1s determined from the random access response
grant for the same transport block according to (1208) or
(1210) 1n FIG. 12.

FI1G. 14 1s a diagram 1llustrating a pseudo-code (1400) for
determining the redundancy version (rv, , ) for the PUSCH
according to the present embodiment.

(1401) In a case that the MCS 1ndex (I,,--) 1s 0 to 28, the
redundancy version (rv, ) 1s 0. (1402) in a case that the
MCS 1ndex (I,,~¢) 1s 29, the redundancy version (rv, , ) 1s 1.
(1403) In a case that the MCS index (I,,~o) 15 30, the
redundancy version (rv, . ) 1s 2. (1404) In a case that the
MCS index (1, ,~<) 1s 31, the redundancy version (rv, , ) 1s 3.

The correspondence of the MCS index (I,,-~¢) and the
redundancy version (rv, . ) in the correspondence table of
FIG. 7 1s the same as the correspondence of the MCS 1ndex
(I,,~¢) and the redundancy version (rv, , ) 1n the correspon-
dence table or FIG. 8.

A configuration of devices according to the present
embodiment will be described below.

FIG. 15 1s a schematic block diagram illustrating a
configuration of the terminal device 1 according to the
present embodiment. As illustrated 1n FIG. 15, the terminal
device 1 1s configured to include a radio transmission and
reception unit 10 and a higher layer processing unit 14. The
radio transmission and reception unit 10 1s configured to
include an antenna unit 11, a radio frequency (RF) unit 12,
and a baseband unit 13. The higher layer processing unit 14
1s configured to include a medium access control layer
processing unmt 15 and a radio resource control layer pro-
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cessing unit 16. The radio transmission and reception unit 10
1s also referred to as a transmission unit, a reception unit, or
a physical layer processing unit.

The higher layer processing unit 14 outputs uplink data
(transport block) generated by a user operation or the like,
to the radio transmission and reception unit 10. The higher
layer processing unit 14 performs processing of the Medium
Access Control (MAC) layer, the Packet Data Convergence
Protocol (PDCP) layer, the Radio Link Control (RLC) layer,

and the Radio Resource Control (RRC) layer.
The medium access control layer processing unit 15
included 1n the higher layer processing umt 14 performs

processing of the medium access control layer. The medium
access control layer processing unit 15 controls transmission
of the scheduling request, based on various configuration
information/parameters managed by the radio resource con-
trol layer processing unit 16.

The radio resource control layer processing unit 16
included 1n the higher layer processing umt 14 performs
processing ol the radio resource control layer. The radio
resource control layer processing unit 16 manages various
configuration information/parameters of the terminal device
1 1tself. The radio resource control layer processing unit 16
sets the various configuration information/parameters the
higher layer signaling received from the base station device
3. Specifically, the radio resource control layer processing
umt 16 sets the various configuration information/param-
eters 1n accordance with information indicating the various
configuration information/parameters received from the
base station device 3.

The radio transmission and reception unit 10 performs
processing of the physical layer, such as modulation,
demodulation, coding, and decoding. The radio transmission
and reception unit 10 demultiplexes, demodulates, and
decodes a signal recerved from the base station device 3, and
outputs the information resulting from the decoding to the
higher layer processing unit 14. The radio transmission and
reception unit 10 modulates and codes data to generate a
transmit signal, and transmits the transmit signal to the base
station device 3.

The RF umit 12 converts (down converts) a signal
received through the antenna unit 11 into a baseband signal
by orthogonal demodulation and removes unnecessary 1ire-
quency components. The RF unit 12 outputs the processed
analog signal to the baseband unit.

The baseband unit 13 converts the analog signal input
from the RE unit 12 into a digital signal. The baseband unit
13 removes a portion corresponding to a Cyclic Prefix (CP)
from the digital signal resulting from the conversion, per-
forms Fast Fournier Transform (FFT) on the signal from
which the CP has been removed, and extracts a signal 1n the
frequency domain.

The baseband unit 13 performs Inverse Fast Fourier
transform (IFFT) on data, generates an SC-FDMA symbol,
attaches a CP to the generated SC-FDMA symbol, generates
a baseband digital signal, and converts the baseband digital
signal into an analog signal. The baseband unit 13 outputs
the analog signal resulting from the conversion, to the RF
unit 12.

The RF unit 12 removes unnecessary frequency compo-
nents from the analog signal input from the baseband unit 13
using a low-pass filter, up-converts the analog signal into a
signal of a carrier frequency, and transmits the final result via
the antenna unit 11. Furthermore, the RF unit 12 amplifies
power. Furthermore, the RF unit 12 may include a function
of controlling transmit power. The RF unit 12 1s also referred
to as a transmit power control unit.
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FIG. 16 1s a schematic block diagram illustrating a
configuration of the base station device 3 according to the
present embodiment. As illustrated 1n FIG. 16, the base
station device 3 1s configured to include a radio transmission
and reception unit 30 and a higher layer processing unit 34.
The radio transmission and reception unit 30 1s configured to
include an antenna unit 31, an RF unit 32, and a baseband
unit 33. The higher layer processing unit 34 1s configured to
include a medium access control layer processing unit 33
and a radio resource control layer processing umt 36. The
radio transmission and reception unit 30 1s also referred to
as a transmission unit, a reception unit, or a physical layer
processing unit.

The higher layer processing unit 34 performs processing,

or the Medium Access Control (MAC) layer, the Packet Data
Convergence Protocol (PDCP) layer, the Radio Link Control
(RLC) layer, and the Radio Resource Control (RRC) layer.

The medium access control layer processing unit 35
included in the higher laver processing unit 34 performs
processing of the medium access control layer. The medium
access control layer processing unit 35 performs processing
relating to the scheduling request based on various configu-
ration 1nformation/parameters managed by the radio
resource control layer processing unit 36.

The radio resource control layer processing unit 36
included 1n the higher layer processing unit 34 performs the
processing of the radio resource control layer. The radio
resource control layer processing unit 36 generates, or
acquires from a higher node, downlink data (transport block)
arranged on the physical downlink shared channel, system
information, the RRC message, the MAC Control Element
(CE), and the like, and outputs the generated or acquired
data to the radio transmission and reception umt 30. Fur-
thermore, the radio resource control layer processing unit 36
manages various configuration information/parameters for
cach of the terminal devices 1. The radio resource control
layer processing unit 36 may set various configuration
information/parameters for each of the terminal devices 1
via the higher layer signaling. Specifically, the radio
resource control layer processing unit 36 transmits/broad-
casts information indicating various configuration informa-
tion/parameters.

The tunctionality of the radio transmission and reception
unit 30 1s similar to that of the radio transmission and
reception unit 10, and hence description thereof 1s omitted.

Each of the units denoted by reference sign 10 to refer-
ence sign 16 included in the terminal device 1 may be
configured as a circuit. Each of the units denoted by refer-
ence sign 30 to reference sign 36 included 1n the base station
device 3 may be configured as a circuit.

Various aspects of the terminal device 1 and the base
station device 3 according to the present embodiment will be
described below.

(1) A first aspect of the present embodiment 1s the terminal
device 1 including: the reception unit 10 configured to
receive a control channel (PDCCH) including first control
information (DCI format); and the transmission unit 10
configured to transmit a transport block on a first shared
channel (PUSCH) upon detection of the control channel
including the first control information. For the first control
information along with a CRC parity bit scrambled by a first
identifier (C-RNTI), a size of the transport block 1s given
using a first information field included 1n the first control
information along with the CRC parity bit scrambled by the
first 1dentifier, based on whether a second shared channel
(PUSCH) for imitial transmission of a transport block i1den-
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tical to the transport block corresponding to the first control
information 1s scheduled by a random access response grant.

(2) In the first aspect of the present embodiment, for the
first control information along with the CRC parity bit
scrambled by the first identifier, a modulation order for the
first shared channel 1s given using the first information field
included in the first control information along with the CRC
parity bit scrambled by the first identifier, based on whether
the second shared channel 1s scheduled by the random

access response grant.

(3) In the first aspect of the present embodiment, for the
first control information along with CRC parity bit
scrambled by a second 1dentifier (SPS C-RNTI), the size of
the transport block 1s given using the first information field
included 1n the first control information along with the CRC
parity bit scrambled by the second identifier, regardless of
whether the second shared channel 1s scheduled by the
random access response grant.

(4) In the first aspect of the present embodiment, for the
first control information along with the CRC parity bit
scrambled by the second 1dentifier, a modulation order for
the first shared channel 1s given using the first information
field included in the first control information along with the
CRC parity bit scrambled by the second 1dentifier, regardless
of whether the second shared channel has been scheduled by
the random access response grant.

(5) 1n the first aspect of the present embodiment, the
reception unit 10 1s configured to receive a third shared
channel (PDSCH) including second control information
(random access response grant), the transmission umt 10 1s
configured to transmit a transport block on a fourth shared
channel (PUSCH) based on the second control information,
and the size of the transport block 1s given based on which
one of the first control information included 1n the control
channel and the second control information 1included 1n the
third shared channel 1s used to schedule transmission of the
transport block.

(6) A second aspect of the present embodiment 1s the base
station device 3 including: the transmission unit 10 config-
ured to transmit a control channel (PDCCH) including first
control information (DCI format); and the reception unit 10
configured to receirve a transport block on a first shared
channel based on transmission of the control channel includ-
ing the first control information. For the first control infor-
mation along with a CRC parity bit scrambled by a first
identifier (C-RNTI), a size of the transport block 1s given
using a first information field included 1n the first control
information along with the CRC parity bit scrambled by the
first 1dentifier, based on whether a second shared channel
(PUSCH) for mitial transmission of a transport block 1den-
tical to the transport block corresponding to the first control
information 1s scheduled by a random access response grant.

(7) In the second aspect of the present embodiment, for
the first control information along with the CRC parity bit
scrambled by the first identifier, a modulation order for the
first shared channel 1s given using the first information field
included 1n the first control information along with the CRC
parity bit scrambled by the first identifier, based on whether
the second shared channel 1s scheduled by the random
access response grant.

(8) In the second aspect of the present embodiment, for
the first control imformation along with CRC parity bit
scrambled by a second 1dentifier (SPS C-RNTI), the size of
the transport block 1s given using the first information field
included in the first control information along with the CRC
parity bit scrambled by the second identifier, regardless of
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whether the second shared channel 1s scheduled by the
random access response grant.

(9) In the second aspect of the present embodiment, for
the first control information along with the CRC parity bit
scrambled by the second 1dentifier, a modulation order for
the first shared channel 1s given using the first information
field included in the first control information along with the
CRC parity bit scrambled by the second 1dentifier, regardless
of whether the second shared channel 1s scheduled by the
random access response grant.

(10) In the second aspect of the present embodiment, the
transmission unmit 10 configured to transmit a third shared
channel including second control information random
access response), the reception unit 10 configured to receive
a transport block on a fourth shared channel (PUSCH) based
on the second control information, and the size of the
transport block 1s given based on which one of the first
control information included 1n the control channel and the
second control information included in the third shared
channel 1s used to schedule transmission of the transport
block.

Accordingly, the terminal device and the base station
device can communicate with each other efliciently using an
uplink channel.

The base station device 3 according to the present inven-
tion can be realized as an aggregation (a device group)
constituted of multiple devices. Each of devices constituting
the device group may be equipped with some or all portions
ol each function or each functional block of the base station
device 3 according to the above-described embodiment. It 1s
only required that the device group itself include general
functions or general functional blocks of the base station
device 3. Furthermore, the terminal device 1 according to
the above-described embodiment can also communicate
with the base station device as the aggregation.

Furthermore, the base station device 3 according to the
above-described embodiment may be an Evolved Universal
Terrestrial Radio Access Network (EUTRAN). Furthermore,
the base station device 3 according to the above-described
embodiment may have some or all portions of the function
ol a node higher than an eNodeB.

A program running on the device according to the present
invention may be a program that controls a Central Process-
ing Unit (CPU) and the like to cause a computer to operate,
in such a manner as to realize the functions according to the
above-described embodiment of the present invention. The
program or information handled by the program 1s tempo-
rarily read into a volatile memory such as a Random Access
Memory (RAM) at the time of processing, or stored 1n a
non-volatile memory such as a flash memory or in a Hard
Disk Drive (HDD) to be read, modified, or written by the
CPU as necessary.

Moreover, the device according to the above-described
embodiment may be partially realized by the computer. This
configuration may be realized by recording a program for
realizing such control functions on a computer-readable
recording medium and causing a computer system to read
the program recorded on the recording medium for execu-
tion. The “computer system” herein refers to a computer
system built mto the device, and the computer system
includes an operating system and hardware components
such as a peripheral device. Furthermore, the “computer-
readable recording medium” may be any one of a semicon-
ductor recording medium, an optical recording medium, a
magnetic recording medium, and the like.

Moreover, the “computer-readable recording medium”™
may 1nclude a medium that dynamically retains the program
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for a short period of time, such as a communication line that
1s used to transmit the program over a network such as the

Internet or over a communication circuit such as a telephone
circuit, and a medium that retains, in that case, the program
for a fixed period of time, such as a volatile memory within
the computer system which functions as a server or a client.
Furthermore, the program may be configured to realize some
of the functions described above, and additionally may be
configured to be capable of realizing the functions described
above 1n combination with a program already recorded 1n
the computer system.

Furthermore, each functional block or various features of
the devices used 1n the above-described embodiment may be
mounted or implemented on an electrical circuit, 1.e., typi-
cally an integrated circuit or multiple integrated circuits. An
clectrical circuit designed to implement the functionality
described herein may include a general-purpose processor, a
digital signal pressure (DSP), an application specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic devices, a discrete late
or transistor logic, a discrete hardware component, or a
combination thereol. The general-purpose processor may be
a microprocessor, but in the alternative, the processor may
be any conventional processor, controller, microcontroller,
or state machine. The general-purpose processor or each
circuit described above may be configured of a digital circuit
or may be configured of an analog circuit. Furthermore, 1f
with advances 1n semiconductor technology, a circuit inte-
gration technology with which current integrated circuits are
replaced appears, 1t 1s also possible to use an integrated
circuit based on the technology.

Moreover, the present invention 1s not limited to above-
described embodiment. According to the embodiment, one
example of the devices has been described, but the present
invention 1s not limited to this, and can be applied to a
fixed-type or a stationary-type electronic apparatus installed
indoors or outdoors, for example, a terminal device or a
communication device, such as an audio-video (AV) appa-
ratus, a kitchen apparatus, a cleaning or washing machine,
an air-conditioning apparatus, oflice equipment, a vending
machine, and other household apparatuses.

Embodiments of the present invention have been
described 1n detail above referring to the drawings, but the
specific configuration 1s not limited to the embodiment and
includes, for example, an amendment to a design that fails
within the scope that does not depart from the gist of the
present invention. Furthermore, various modifications are
possible within the scope of the present invention defined by
claims, and embodiments that are made by suitably com-
bining technical means disclosed according to the different
embodiments are also included 1n the technical scope of the
present invention. Furthermore, a configuration in which a
constituent element that achieves the same eflect 1s substi-
tuted for the one that 1s described according to the embodi-
ments 1s also icluded 1n the technical scope of the present
invention.

DESCRIPTION OF REFERENCE NUMERALS

1 (1A, 1B, 1C) Terminal device
3 Base station device

10 Radio transmission and reception umnit
11 Antenna unit

12 RF unait

13 Baseband unait

14 Higher layer processing unit

15 Medium access control layer processing unit




US 11,044,638 B2

21

16 Radio resource control layer processing unit
30 Radio transmission and reception unit

31 Antenna unit

32 RF unait

33 Baseband unit

34 Higher layer processing unit

35 Medium access control layer processing unit
36 Radio resource control layer processing unit

The 1invention claimed 1is:

1. A terminal device comprising;:

reception circuitry configured to and/or programmed to:

detect a physical downlink control channel (PDCCH), the
PDCCH including downlink control information (DCI)
that 1s used for a scheduling of a first physical uplink
shared channel (PUSCH);

receive a higher layer parameter; and

receive a random access response, the random access
response including an uplink grant; and

transmission circuitry configured to and/or programmed
to:

transmit the first PUSCH according to the PDCCH with
the DCI; and

transmit a second PUSCH according to the uplink grant,

wherein

the DCI 1ncludes a first “modulation and coding scheme”
index,

the uplink grant includes a
coding scheme” 1ndex,

a first modulation order Qm for the first PUSCH 1s given
based on a first index Q'm 1n a first table, the first index
Q'm corresponding to the first “modulation and coding
scheme’ index based on the first table, 1n a case that the
higher layer parameter indicating that 256 QAM 1s
allowed 1s configured,

the first modulation order Qm for the first PUSCH 1s given
based on a second index Q'm 1n a second table being
different from the first table, the second index Q'm
corresponding to the first “modulation and coding
scheme” 1ndex based on the second table, 1n a case that
the higher layer parameter indicating that 256 QAM 1s
allowed 1s not configured, and

a second modulation order (Qm for the second PUSCH 1s
given, regardless of whether the higher layer parameter
indicating that 256 QAM 1s allowed 1s configured,
based on a third index Q'm 1n the second table, the third
index Q'm corresponding to the second “modulation
and coding scheme” imdex based on the second table.

2. The terminal device according to claim 1, wherein

the first “modulation and coding scheme” index and the
second “modulation and coding scheme™ index are less
than 29.

3. A base station device comprising:

transmission circuitry configured to and/or programmed
to:

transmit a physical downlink control channel (PDCCH),
the PDCCH including downlink control information
(DCI) that 1s used for a scheduling of a first physical
uplink shared channel (PUSCH);

transmit a higher layer parameter; and

transmit a random access response, the random access
response including an uplink grant; and

reception circuitry configured to and/or programmed to:

receive the first PUSCH corresponding to the PDCCH
with the DCI; and

receive a second PUSCH corresponding to the uplink
grant,

second “modulation and
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wherein

the DCI includes a first “modulation and coding scheme™
index,

the uplink grant includes a
coding scheme” index,

a {irst modulation order Qm for the first PUSCH 1s given
based on a first index Q'm 1n a first table, the first index
Q'm corresponding to the first “modulation and coding
scheme” index based on the first table, 1n a case that the
higher layer parameter indicating that 256 QAM 1s
allowed 1s configured,

the first modulation order Qm for the first PUSCH 1s given
based on a second index Q'm 1n a second table being
different from the first table, the second index Q'm
corresponding to the first “modulation and coding
scheme” 1index based on the second table, 1n a case that
the higher layer parameter indicating that 256 QAM 1s
allowed 1s not configured, and

a second modulation order Qm for the second PUSCH 1s
given, regardless of whether the higher layer parameter
indicating that 256 QAM 1s allowed i1s configured,
based on a third index Q'm 1n the second table, the third
index Q'm corresponding to the second “modulation
and coding scheme” imndex based on the second table.

4. The base station device according to claim 3, wherein

the first “modulation and coding scheme™ index and the
second “modulation and coding scheme” index are less
than 29.

5. A communication method used by a terminal device,

second “modulation and

the communication method comprising;

detecting a physical downlink control channel (PDCCH),
the PDCCH 1including downlink control information
(DCI) that 1s used for a scheduling of a first physical
uplink shared channel (PUSCH);

recerving a higher layer parameter;
recerving a random access response, the random access
response including an uplink grant;

transmitting the first PUSCH according to the PDCCH
with the DCI; and

transmitting a second PUSCH according to the uplink
grant,

wherein

the DCI 1ncludes a first “modulation and coding scheme”™
index,

the uplink grant includes
coding scheme” index,

a first modulation order Qm for the first PUSCH 1s given
based on a first index Q'm 1n a first table, the first index
Q'm corresponding to the first “modulation and coding
scheme” index based on the first table, 1n a case that the
higher layer parameter indicating that 256 QAM 1s
allowed 1s configured,

the first modulation order Qm for the first PUSCH 1s given
based on a second index Q'm 1n a second table being
different from the first table, the second index Q'm
corresponding to the first “modulation and coding
scheme” index based on the second table, 1n a case that
the higher layer parameter indicating that 256 QAM 1s
allowed 1s not configured, and

a second modulation order Qm for the second PUSCH 1s
given, regardless of whether the higher layer parameter
indicating that 256 QAM 1s allowed i1s configured,
based on a third index Q'm 1n the second table, the third
index Q'm corresponding to the second “modulation
and coding scheme” imndex based on the second table.

a second “modulation and
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6. A communication method used by a base station device,
the communication method comprising:

transmitting a physical downlink control channel
(PDCCH), the PDCCH including downlink control
information (DCI) that 1s used for a scheduling of a first
physical uplink shared channel (PUSCH);

transmitting a higher layer parameter;

transmitting a random access response, the random access
response including an uplink grant;

receiving the first PUSCH corresponding to the PDCCH
with the DCI; and

receiving a second PUSCH corresponding to the uplink
grant, wherein

the DCI includes a first “modulation and coding scheme”
index,

the uplink grant includes a second “modulation and
coding scheme” 1ndex,

a first modulation order Qm {for the first PUSCH 1s given
based on a first index (J'm 1n a first table, the first index
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Q'm corresponding to the first “modulation and coding
scheme” index based on the first table, 1n a case that the
higher layer parameter indicating that 256 QAM 1s
allowed 1s configured,

the first modulation order Qm for the first PUSCH 1s given
based on a second index Q'm 1n a second table being
different from the first table, the second ndex Q'm
corresponding to the first “modulation and coding
scheme” 1index based on the second table, 1n a case that
the higher layer parameter indicating that 256 QAM 1s
allowed 1s not configured, and

a second modulation order Qm for the second PUSCH 1s
given, regardless of whether the higher layer parameter
indicating that 256 QAM 1s allowed i1s configured,

based on a third index Q'm 1n the second table, the third
index Q'm corresponding to the second “modulation
and coding scheme” imndex based on the second table.
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